The relationship between the posterior cortex and cognitive functions is still a relatively open field. There are no studies on populations in which functions of posterior structures were examined by a standardised neuropsychological examination before and after posterior resections. Changes in cognitive performance are regularly observed after epilepsy surgery in the temporal lobe. However, information about neuropsychological impairments after resections in the posterior cortex is poor, owing to the relatively low proportion of cortical resections in this area. Methods: We retrospectively studied changes in cognition in the neuropsychological data of 28 patients prior to and 6 months after posterior cortical resections. Results: Cognition significantly showed differences in performance intelligence quotient compared with verbal intelligence quotient. Post-operative verbal intelligence consistently increased, whereas performance intelligence decreased. There was no effect regarding the lesion side, continuation of seizures, or reduction of visual field after surgery. Epilepsy surgery in this area did not lead to significant differences in general intelligence after surgery. Conclusion: Functions of posterior areas could be described by standardised neuropsychological measures. Posterior regions contribute to explicit attentional and visuoconstructional abilities. Epilepsy surgery in the posterior cortex bears no risk for substantial decline in general cognition although some discrete impairment in performance intelligence may occur.
N europsychological examination prior to and after cortical resection for the treatment of lesional epilepsies is regularly performed in the pre-surgical diagnostic phase. In temporal lobe epilepsies, the neuropsychological data have been shown to contribute to the localisation of the epileptogenic zone. 1 2 Furthermore, the data enable a prognosis for the post-surgical cognitive outcome. 3 As most operations in epilepsy surgery programmes are carried out in temporal and frontal areas, information about the neuropsychological changes after posterior cortical resections is inadequate because the cognitive outcome in this group has not been investigated systematically.
Many different functions are subserved by posterior brain regions; this contributes to the complexity of evaluating changes after surgery. [4] [5] [6] The parietal lobe, like the frontal structures, performs higher level processes. Difficulties in visual, visuospatial orientation, and in visuoperceptive tasks in patients with parietal lobe epilepsy have been reported. 7 The parietal lobe integrates sensation and cognition. Inferior parietal lobe function is not purely perceptional, but acts as a sensorimotor interface. 4 Parietal lobe functions are further described as a link of sensation to action. 5 The parietal lobe serves as a pivot point for synthesizing multiple modalities into a common perception. Using functional magnetic resonance imaging, parietal lobes are strongly activated every time an object is the target of action. The parietal lobes prepare representations of objects for action. 6 Reliable measurements of changes in cognitive function changes based upon quantitative neuropsychological measurement after a substantial loss of parietal lobe parenchyma have not yet been reported.
The main function of the occipital cortex is perception, integration, and processing of visual perceptions. The primary visual cortex is mainly located in the medial aspect of the occipital cortex (areas V1 and dV3). Supplementary visual areas are located in the temporo-occipital border, with the lingual gyrus harbouring area V2 and VP and the fusiform gyrus harbouring area V4. 8 Two accessory visual pathways from the occipitally located visual cortex to parietal (dorsal route) and temporal (ventral route) structures have been described. 9 The dorsal route is thought to be responsible for the visual control of movements, 10 whereas the ventral route may be associated with the ''what'' content of visual information. 11 Lesions involving the occipital visual cortex are regularly associated with visual field defects contralateral to the lesion side. A minor reduced visual field is often undetected by the patients as a result of small nystagmus movements virtually ''filling'' the visual gaps. 8 Colour blindness has been reported after lesions involving V4 12 and loss of movement detection following lesions in the V5 area. 13 Furthermore, reports of certain forms of visual agnosia, prosopagnosia, and alexia after bilateral lesions in the lateral occipital lobe and in the temporo-occipital border have been published. 14 15 Because of the manifoldness of parietal and occipital functions, there is a need for a methodological study to obtain a precise prognosis of cognition changes after a lesionectomy in the posterior cortex. The aim of this study was to explore cognition changes in 28 patients after epilepsy surgery in the posterior cortex. We focused on cognitive and perceptual abilities typically represented by parietal, occipital, and temporo-occipital structures.
PATIENTS AND METHODS

Patients
We selected 28 patients (16 male) with lesional epilepsies in the posterior cortex from the epilepsy surgery databank of the Bethel Epilepsy Center (Bielefeld, Germany). Detailed data for each patient are shown in table 1.
Patients without pre-or post-operative neuropsychological data were excluded from the study. Mental retardation was not a criterion for exclusion. Mean age at surgery was 27.8 years (range 13-53). The epileptogenic lesions consisted of five parietal, five occipital, two parieto-occipital, 14 temporo-occipital, and two temporo-parieto-occipital (19 right). Pre-surgical evaluation included video EEG monitoring with superficial scalp EEG for localisation of the epileptogenic focus for all patients. Supplemental invasive EEG using subdural grids, epidural electrodes, or depth electrodes was applied in 14 cases. EEG data and ictal semiology were analysed for possible predictive factors for post-operative seizure outcome. Results of this analysis are reported elsewhere. 16 Magnetic resonance imaging using T 1 and T 2 weighted pulse sequences was available for every patient. In patients with lesions in the left hemisphere, speech dominance was tested by the Wada test 17 in five cases and/or cortical stimulation in seven. Twenty three patients were right handed, three were left handed, and two were ambidextrous. From nine patients with left sided lesions, eight were right handed. The one left handed patient showed right sided language lateralisation, and one right handed patient showed bilateral language lateralisation. From 19 patients with right sided lesions, 14 were right handed, two were left handed, and two were ambidextrous. The left handed patient and seven right handed patients showed all left language lateralisation. All patients underwent epilepsy surgery between 1991 and 2000. The histological diagnosis was vascular malformations (cavernomas and angiomas) in five patients, low grade tumours in nine, malformations of cortical development in two, and gliosis in twelve.
Neuropsychological tests
The visual field was tested prior to and 6 months after operation using a Goldmann perimeter. Patients without reduction in visual field related to the surgery were categorised as constant as were those with unchanged preoperatively existing reduced visual field. The visual field was categorised as reduced in patients whose cortical resection led to a new or enlarged visual field defect.
All patients underwent a comprehensive neuropsychological evaluation described in detail elsewhere. 18 Both the evaluation and the post-surgical examination were performed weeks apart from the video EEG monitoring in order to ensure measurement in a phase of steady medication and in a seizure free interval.
Verbal and nonverbal cognition was measured using a short form of the German version of the Wechsler Intelligence Scale for Adults Revised (WAIS-R), the Hamburg-Wechsler Intelligenztest für Erwachsene (Revision 1991). 19 Verbal intelligence quotient (VIQ) was measured with the subtests (a) general information, (b) comprehension, and (c) similarities. The measure of performance intelligence quotient (PIQ) consisted of the subtests (a) block design, (b) digit symbol test, and (c) picture completion. Patients aged below 16 years were assessed with the homologous subscales from the German version of the Wechsler Intelligence Scale for Children Revised (WISC-R), the Hamburg Wechsler Intelligenztest für Kinder Revision 1983. 20 
Statistical methods
Means of pre-surgically assessed VIQ were compared with post-surgically assessed VIQ. Means of PIQ measured before surgery were compared with those after surgery in t tests for repeated measures. A multivariate analysis of variance with repeated measures was used to analyse differences between VIQ and PIQ in different groups. Each one of the repeated measurements consisted of the variables VIQ and PIQ. Intra-subject factor was the measurement of VIQ and PIQ before and after surgery. Group membership (right v left sided surgery, continuation of seizures v freedom from seizures after surgery, and reduced v constant visual field after surgery) served as inter-subject measures. Homogeneity of variance was tested prior to the multivariate analysis of variance with repeated measures.
Univariate analysis of variance was computed to test for the intra-subject effect of differences in the variance of VIQ and PIQ in pre-and post-surgical assessments in each group. Univariate analysis of variance was also performed to analyse the inter-subject effects in differences of variances in preand post-surgical VIQ and PIQ in each group.
RESULTS
General seizure outcome
Twelve patients (43%) were free of seizures 2 years after surgery (Engel classification Ia and Ib), and another 11 patients (39%) had a worthwhile seizure reduction (Engel Ic to III). For an analysis of post-surgical interictal epileptiform discharges see Boesebeck et al).
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Visual impairments related to surgery Half of the patients (n = 14) had a reduced visual field after surgery, with six having mild impairments (five upper and one lower square anopia) and eight suffering from hemianopia.
Pre-operative IQ Mean full IQ (WAIS-R) was 85.3, ranging from 38 to 132 with a mean pre-operative VIQ of 89.0 and a mean PIQ of 84.3.
Comparison of pre-and post-operative intelligence There was no significant effect in a t test for repeated measures comparing the means of pre-with post-surgical VIQ (89.04 and 91.11 respectively, t = 21.03, p = 0.314). There was also no significant difference between pre-and post-operative PIQ (84.25 and 80.64 respectively, t = 1.32, p = 0.199). The post-surgical outcome of VIQ showed an ascending tendency, whereas post-surgical outcome of PIQ showed a descending tendency.
In multivariate testing there were significant effects in the intra-subject factor pre-and post-operative measure in each of the inter-subject ''lesion side'' groups (df = 2, 28, F = 3.54, p,0.05), continuation of seizures (df = 2, 28, F = 3.56, p,0.05), and reduction of visual field (df = 2, 28, F = 3.86, p,0.05). Post-operative measures differed significantly from pre-operative measures in each group.
There was no significant difference between subjects with right or left sided lesions, between subjects with or without continuation of seizures, or between subjects with or without a reduction of visual field. In univariate tests there were also no effects between subjects with right or left sided lesions, between subjects with or without continuation of seizures, or between subjects with or without a reduction of visual field. Lesion side, continuation of seizures, or reduction of visual field did not affect the difference of variances of PIQ and VIQ. The significant difference of pre-and post-surgical measure was equal in each group.
VIQ tended to increase after surgery whereas PIQ tended to decrease. Comparing the mean post-operative with the mean pre-operative VIQ, post-operative improvement did not reach significance. Comparing the mean post-operative with the mean pre-operative PIQ, post-operative reduction did not reach significance either, but the directions of the variances of VIQ and PIQ were significantly different within subjects using the multivariate analysis of variance with repeated measures, substantiating a loss of PIQ compared with VIQ.
Using univariate testing, the intra-subject factor measured for VIQ or PIQ was not significant pre-operatively, but was significant post-operatively for both VIQ and PIQ in all groups, regardless of whether the lesion was in the left or right hemisphere (df = 1, 28, F = 7.19, p,0.05), whether seizures continued or not (df = 1, 28, F = 7.30, p,0.05), and whether visual field was diminished or not (df = 1, 28, F = 7.91, p,0.01). There were significant differences between post-surgical PIQ and VIQ, but not between pre-surgical PIQ and VIQ, again regardless of side of surgery, continuation or not of seizures, or reduction or not of visual field. The postsurgical difference was equal in each group. Before surgery, patients showed no significant difference between PIQ and VIQ, thus the significant differences between them found after surgery must be an effect of the surgery. PIQ failed to show a variance in the same direction as VIQ; PIQ was reduced compared with VIQ. Lesion side, reduction or not of visual field after surgery, and continuation or not of seizures after surgery had no effect on the variation of cognitive outcome (figs 1-3).
To exclude a pure visuoperceptive effect on the difference of VIQ and PIQ, the post-surgical outcome of other tests with visuoperceptual components were compared with the subtests of PIQ. Z scores of subtests obtained in the pre-surgical assessment were compared with those measured in the postoperative examination. Negative z scores resulted when postoperative cognition was lower than pre-operative cognition, positive z scores show an increase in cognition after surgery (fig 4) .
In comparison with other visuoperceptive and visuoconstructive measures, all subtests of PIQ from the WAIS-R and Trail Making Test A (TMTA), a task of visual search and psychomotor speed, showed a descending tendency after surgery. Trail Making Test B (TMTB) and copying the Rey Complex Figure (RCFC) , measures of frontal lobe performance, 21 22 showed an ascending tendency. A z value difference ,1 is not considered significant, so a difference of a single subtest does not reach significance. Visuoperceptive abilities are required to finish subtests of PIQ, TMTB, and RCFC. However, the results of these visuoperceptive measures showed a quite different variability. A purely visuoperceptive disability after surgery cannot explain the effect of lower PIQ. The only explanation for these differences in visuoperceptive measures is a change in specific cognitive abilities.
DISCUSSION
The results of our study show that posterior cortical resections, either in the dominant or non-dominant hemisphere, do not lead to significant changes in general intelligence. PIQ changed in a significantly different direction from VIQ regardless of lesion side. Because 23 patients (82%) had a worthwhile seizure reduction or were seizure free, an effect of a new pattern of seizure related cognitive impairment is unlikely. A change in VIQ could be expected after left sided parietal surgery, but in fact was not found. One reason may be that preoperative diagnostics such as Wada and invasive evaluation were sufficiently precise to avoid damage during surgery to any of the language areas of the brain and thus prevent any deterioration of the patient's language skills. Alternatively, the VIQ subtests in WAIS-R may have limited sensitivity for measurement of language perception. Additionally, a higher risk of diminished PIQ after right sided surgery could be expected, but the lesion side had no significant effect. Higher functions of posterior regions do not seem to be lateralised. This is in contrast to the outcome after temporal lobe resections. Several authors have shown a significant increase in full scale IQ (FSIQ) after non-dominant temporal lobe resection and only a slight increase or a decrease in FSIQ after dominant temporal lobe resections. 3 An increase in PIQ and VIQ in seizure free patients and no change when seizures continued has been reported. 23 There was no neuropsychological change in patients with mesial temporal lobe epilepsy, but a significant decline in patients with lateral temporal lobe epilepsy. 24 PIQ was almost invariably shown to be improved compared to baseline IQ, regardless of the side of temporal resections. 25 26 The effect of dominant temporal lobe resections on VIQ seems to be somewhat inconsistent, with either decreasing 24 26 or increasing scores, whereas right temporal lobe resection regularly leads to increasing scores. 24 In contrast to this, our data showed a mild decrease of PIQ compared with VIQ after epilepsy surgery in the posterior cortex, which was significant for the differences of direction of variances for both VIQ and PIQ. This effect was independent of post-operative visual field defects and seizure outcome.
For interpretation, it is necessary to consider the neuropsychological characteristics of the subtests applied in the evaluation of PIQ. A review 22 of PET and lesion studies on subtests is summarised as follows. The subtest ''digit symbol'' is sensitive for even minimal brain damage. Efficiency in digit symbol is affected regardless of the lesion side. PET studies show a bilateral increase in posterior regions of glucose metabolism while working on this task, with a predominance for the right hemisphere. The subtest ''picture completion'' does not differentiate between lesion side. Efficiency in picture completion is relatively unaffected after diffuse brain damage. Bilateral metabolic increases are most prominent in right posterior hemisphere but are also seen in the left parietal lobe. The third subtest of WAIS-R included in our analysis was ''block design''. Efficiency in block design is likely to be affected least by left hemisphere lesion, except when the left parietal lobe is involved. Each hemisphere contributes to the processing of this task. Examining glucose metabolism in subjects working on the block design test showed an increasing activation in posteriorparietal areas, especially in the right hemisphere. Although neuropsychological data were collected retrospectively from the standardised neuropsychological examination with tests not assembled prospectively to measure posterior functions, the applied tests are sensitive for detecting posterior functionality.
Difficulties in visual, visual spatial orientation, and visual perceptive tasks in patients with parietal lobe epilepsy have been published. 7 There are descriptions of parietal lobe functions based upon qualitative evaluation after lesions and on functional imaging. Parietal lobe functions serve as a link of sensation to action. 5 The parietal lobes are strongly activated when an object is the target of action and they prepare representations of objects for action. 6 Inferior parietal lobe function is not purely perceptional but is a function of a sensorimotor interface. 4 Lesions of the parietal lobe are associated with an impairment of object recognition, constructional apraxia, and attention. 4 Our results are congruent with descriptions of parietal lobe functions in lesion studies and in functional imaging studies. A survey of the literature points to a complexity of parietal lobe functions, which can be partially described by the results in our study.
CONCLUSION
Even complex functionality of the parietal lobes can be examined with standardised neuropsychological tests when functions are examined in an isolated manner, such as the measurement of a pre/post difference after epilepsy surgery in the posterior cortex.
Our study revealed no risk for substantial impairment of general cognition after epilepsy surgery in the posterior cortex. However, a minor decrease of PIQ may appear in some patients, which has to be taken into account when considering epilepsy surgery. Furthermore, the data underline the great importance of suitable neuropsychological test methods covering the particular functions of the cortical areas being considered for resection.
